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57 ABSTRACT 
A binary frequency divider circuit with insulated gate 
field effect transistors (MOST) powered by a constant 
voltage source is derived from a known static circuit by 
eliminating transistors that do not take part in switch 
ing, which allows nodes of the circuit to float. Certain 
transistors, which are eliminated in known dynamic 
circuits, are retained so that the nodes float for only one 
value of an input variable, but not for the other. 

9 Claims, 4 Drawing Figures 
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BINARY FREQUENCY DIVIDER 
The invention relates to binary frequency divider 

circuits. r" 
U.S. Pat. No.3,928,773 discloses a binary frequency 

divider stage circuit with insulated gate field effect 
transistors (MOST) powered by a constant voltage 
source, comprising an input for introducing an input 
signal and at least three logical nodes, each logical node 
being an interconnection between the drains of at least 
one n-channel MOST and at least one p-channel 
MOST, each logical node being connected to control 
means of at least one other node and being able to be 
used as an output, the source of one of the MOST of at 
least one of the nodes being connected to one terminal 
of the voltage source and the source of the other MOST 
of the same node being connected to the drain of a third 
MOST, the source of which is connected to the other 
terminal of the voltage source, the node establishing the 
interconnection between the drains of the p- and n 
channel MOST being controlled by two variables, one 
being the input signal and the other being the signal 
from another logical node, in such a way that one vari 
able drives the gates of the third MOST and one p-chan 
nel MOST, and the other variable drives the gate of the 
n-channel MOST, allowing the corresponding node to 
float when this transistor as well as the complementary 
transistor driven by the other variable are both blocked. 
Various circuits with complementary MOST for 

O 

15 

20 

25 

30 

dividing by two are known; some are static dividers, 
and others dynamic dividers. Static dividers can be 
obtained by directly performing the logical equations 
by means of two-level gates. Their operation is assured 
as long as the input frequency is less than a limiting 
value. The simplest of these circuits comprises sixteen 
transistors (see ISSCC Digest, 1967, pp 52-53), but 
requires two inputsignals, one in its true form, the other 
in its complementary form. Morevoer, its layout is 
poorly adapted for compact integration. It is also possi 
ble to have only a single input; the simplest single-input 
static circuit has nineteen transistors, an example being 
given in FIG. 5 of U.S. Pat. No. 3,829,714. Dynamic 
dividers can be obtained by eliminating from the static 
circuits, all of the transistors' that do not take part in 
switching. These circuits are much simpler, their limit 
ing operating frequency is greater and their consump 
tion lower, but operation is only ensured if the operat 
ing frequency is above a limiting value (of several kHz). 
The simplest dynamic circuits have nine transistors; an 
example is shown in FIG. 9 of U.S. Pat. No. 3,928,773. 
An aim of the invention is a simplification of static 

divider circuits...that does not produce a lower fre 
quency limit, nor an additional static consumption. To 
this end, the known principle of eliminating one or 
several transistors that do not take part in the switching 
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is applied, which ensures that the consumption remains 
low, but certain transistors are retained in a manner to 
ensure that for one of the two states of the input variable 
no node floats, whereas one or several nodes may float 
for the second state. The thus-simplified circuit operates 
correctly with no lower frequency limit, provided that 
the input signal remains in the second state for very 
brief periods (short pulses). 
To achieve this aim, the invention proposes a varia 

tion of the circuit defined at the outset, characterized in 
that for one of the two logical states of the input, each 
node is connected, by one or more conducting MOST, 

2 
to either pole of the constant voltage source, so that said 
nodes do not float. . . . . . . . . . . . . . . . . 

It is another aim of the invention to present circuits 
requiring less surface area if integrated than known 
static divider circuits. The gain in area improves fabri 
cation yield, allows a larger number of circuits per 
wafer, and reduces production costs. 
The invention will be described in detail with refer 

ence to the accompanying drawings which show, by 
way of example, two embodiments, and in which: 
FIG. 1 is a diagram of a first circuit according to the 

invention; 
FIG. 2 illustrates operation of this first circuit; 
FIG. 3 is a diagram of a second circuit according to 

the invention; and 
FIG. 4 illustrates operation of this second circuit. 
FIG. 1 shows an example of a circuit according to the 

invention derived from the dynamic circuit shown in 
FIG. 9 of U.S. Pat. No. 3,928,773. This circuit com 
prises, in addition to transistors 1, 2, 4, 5,8,9, 10, 12 and 
13, four transistors 14, 15, 18 and 19 the purpose of 
which is to maintain stable states when the input I is at 
0. These four transistors were present in the corre 
sponding static circuit shown in FIG. 8 of U.S. Pat. No. 
3,928,773; they simply have not been eliminated. 
FIG. 2 shows the logical signals corresponding to the 

circuit of FIG. 1; the full lines represent the states main 
tained by the transistors, and the dashed lines the states 
maintained by the residual capacitances at the node A 
or E. - 

If the positive pulses at the input I are sufficiently 
short, this circuit operates correctly without a lower 
frequency limit. Also, since this circuit is derived by 
eliminating certain transistors from the corresponding 
static circuit (i.e. transistors 3,6,7,11,16 and 17 of FIG. 
8 of U.S. Pat. No. 3,928,773), its static consumption is 
reduced to the leakage currents of the transistors, there 
being no other conducting path between the + and - 
supply terminals. 
FIG. 3 shows another embodiment of the invention 

derived from a known dynamic circuit, formed of tran 
sistors 1, 2, 4, 5, 8, 9, 10, 12 and 13 (see "Electronics 
Letters”, Aug. 23, 1973, Vol 9 No. 17, FIG. 16; the 
variables B and C of FIG. 16 correspond respectively to 
variables D and E of the accompanying FIG. 3). To this 
known circuit have been added four transistors 14, 15, 
16 and 17 to maintain stable states while I is at 0. 
FIG. 4 shows the corresponding logical signals 

which are very similar to those of FIG. 2, only the 
order of the return to 0 of variables B and E has been 
inverted. 

Operation of the two circuits according to the inven 
tion will now be described in detail. . 
For the circuit of FIG. 1, the initial state is I = 0, A 

s 1, B = 0, D = 1, E = 0. 
Transistors 1, 5, 8, 10, 15 and 18 conduct whereas 

transistors 2, 4, 9, 12, 13, 14 and 19 are blocked. This 
state is stable. 
When I passes to 1, transistors 1 and 5 block and 

transistors 2 and 12 become conducting. Because tran 
sistors 12 and 10 conduct while 5 and 13 are blocked, 
the variable D passes to 0. The passage of D to zero 

65 

blocks transistors 8 and 18 and causes conduction of 
transistors 9 and 19. Variable B thus passes to 1, causing 
conduction of transistor 14 (connected in parallel to 
transistor 12, which is already conducting) and blocking 
transistor 15 (which is in series with the already-blocked 
transistor 5). This new state is stable. However, since 
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transistors 1 and 4 are blocked, the node A floats; it 
remains in the logical state 1 as long as the leakage 
currents have not had time to sufficiently modify the 

4. 
Starting from the same logical state, a similar reason 

ing can be applied to the circuit of FIG. 3, operation 
being summarized by the following table: 

charge of the stray capacitance associated with A. The 
same applies to node E (at 0) since transistors 8 and 5 are 
blocked, 
When I returns to 0, transistors 2 and 12 block, while 

1 and 5 become conducting. Node E is brought to 1 by 
transistors 5 and 9, and causes conduction of transistor 
4, this having no consequence because transistor 2 is 25 
blocked. This state is stable whatever may be the leak 
age currents. 
When I becomes again l, transistors 1 and 5 block and 

2 and 12 become conducting. As transistor 4 is already 
conducting, A passes to 0, causing blocking of transistor 30 
10 and conduction of 13. D thus passes to 1, which 
produces blocking of transistors 9 and 19 and the con 
duction of 8 and 18. B thus passes to 0, blocking transis 
tor 14 (which is of no consequence because transistor 12 
is conducting) and making transistor 15 conduct (which 35 
is of no consequence because transistor 5 is blocked). 
The circuit has reached a new stable state for which 
variable E floats at 1, transistors 5, 9 and 10 being 
blocked. 
When I returns to 0, transistors 1 and 5 once more 40 

become conducting, while transistors 2 and 12 are 
blocked. A passes to 1, causing blocking of transistor 13 
and conduction of 10. As transistors 8 and 10 conduct, 
E passes to 0 causing blocking of transistor 4 (which is 
of no consequence because transistor 2 is already 
blocked). The circuit has thus reached a new stable state 
identical to the initial state. 

During this cycle, the input variable I has made four 
transitions, whereas the output variable A has made 
only two transitions. There is hence a division by two. 50 
The state of conduction (C) or blocking (B) of each 

transistor during the cycle is indicated by the following 
table: w 

-P- 
A B D E 1 5 9 13 15, 17 2 4 8 10 12 - 4 16 

0 1 0 1 0 C C, B B C B B B C C B B C stable 
1 0 1 0 B B C C 
1 0 0 O C C B B 
1 1 0 0 B stable 

O 1 1 0 O C C B 
0 1 1 0 1 C stable 

1 1 0 1 B C C 
1 0 1 0 1 C B 
1 O 1 B B C C 
1 0 1 1 0 B B stable 
0 0 1 1 0 C C B B 
0 1 1 1 0 B C 
0 1 0 1 0 C stable 

To both of the preceding circuits correspond still two 
other so called dual circuits. A circuit is dual to a given 
one if any n-type transistor of the first one corresponds 
to a p-type transistor of the second one, and the polarity 
of all voltages and currents are reversed. 

It is possible to form a dividing chain, by alternating 
one of the preceding circuits with its dual circuit and 
controlling each stage (input I) by the variable A of the 
preceding stage. One thus obtains a chain of any length 
comprising thirteen transistors per stage. 
What is claimed is: 
1. In a binary frequency divider stage circuit with 

complementary insulated gate field effect transistors 
(MOST) powered by a constant voltage source, com 
prising an input for introducing an input signal and at 
least three logical nodes, at least one output (A) con 
nected to one of said three nodes, each logical node 
being an interconnection between the drains of at least 
one n-channel MOST and at last one p-channel MOST, 
each logical node being connected to at least one of said 
p- and n-channel MOST of at least one other node the 
source of one of the p- and n-channel MOST (1) of at 
least one of the nodes being connected to one terminal 
of the voltage source and the source of the p- and n 
channel MOST (4) of the same node being connected to 
the drain of a third MOST (2), the source of which is 
connected to the other terminal of the voltage source, 

5 said p- and n-channel MOST and said third MOST of 
said one node arranged such that said one node is con 
trolled by two variables, one being the input signal () 
and the other being the signal from another logical node 
(E), in such a way that one variable drives the gate(s) of 
the third MOST and the gate of the one of said p- and 
n-channel MOST having a channel type opposed to that 
of said third MOST and the other variable drives the 
gate of the other p- and n-channel MOST, allowing the 

-P- 
A B D E 1 5 9 13 15 19 2 4 8 0 12 14 18 

0 1 0 1 O C C B B C B B B C C B B C stable 
1 0 1 0 B B C C 

1 1 0 0 0 C C B B 
1 1 0 0 B C stable 

0 1 1 0 O C C B B 
0 1 1 0 1 C stable 
1 1 1 0 1 B B C C 
1 0 1 0 C B 
1 0 1 1 1 B B C C 
1 O 0 1 1 C B stable 
0 0 0 1 1 C C B B 
0 1 0 1 1 B C 
0 1 0 1 0 B stable 



5 
corresponding node to float when said p-channel 
MOST as well as said n-channel MOST of said one 
node are both blocked, the improvement comprising 
means for connecting each node, for one only of the 
two logical states of said input, by at least one conduct 
ing MOST, to either terminal of said constant voltage 
source, whereby said nodes do not float for said one 
logical state of said input. 

2. A circuit according to claim 1, wherein each tran 
sistor has a source, a gate, and a drain and further com 
prising an input terminal (I), a first transistor (1) and 
second transistor (2) each having its gate connected to 
'said input terminal, said first transistor (1) having its 
source connected to a potential of a first polarity and 
having its drain connected to the drain of a third transis 
tor, (4), the source of said third transistor (4) connected 
to the drain of said second transistor (2), the source of 
said second transistor connected to a potential of a sec 
ond polarity, said input terminal connected to the gate 
of a fifth transistor (5) and a gate of a twelfth transistor 
(12), the source of said fifth transistor (5), connected to 
said potential of a first polarity, the drain of said fifth 
transistor (5) connected to the source of a ninth transis 
tor (9), the drain of the said ninth transistor connected 
to the drain of an eighth transistor (8), the source of said 
eighth transistor connected to the drain of a tenth tran 
sistor (10), the source of said tenth transistor (10) con 
nected to said potential of a second polarity, the gate of 
said tenth transistor (10) connected to the drain of said 
first transistor (1) and being further connected to the 
gate of a fourth transistor (13), the source of said fourth 
transistor (13) connected to said potential of a first 
polarity, the drain of said fourth transistor (13) con 
nected to the drain of a sixth transistor (15) and further 
connected to the drains of a twelfth (12) and seventh 
transistor (14), the sources of said twelfth (12) and sev 
enth transistors (14) being connected to the drain of said 
tenth transistor (10), the gate of said seventh (14) and 
sixth transistor (15) connected to the connection point 
of the drain of an eleventh (18) and a thirteenth transis 
tor (19), the source of said thirteenth transistor (19) 
connected to said potential of a first polarity, the source 
of said eleventh transistor (18) connected to said poten 
tial of a second polarity, the gates of said eleventh (18) 
and thirteenth transistor (13) connected to the gate of 
said ninth transistor (9) and said eighth transistors (8) 
and further connected to the drain of said seventh (14) 
transistor, the drain of said ninth (9) transistor con 
nected to the gate of said third transistor, the intercon 
nection of the drains of said first and third transistors 
defining one of said at least three nodes, the intercon 
nection of the drains of said fourth and said seventh 
transistor defining a second of said at least three nodes, 
the interconnection of the drains of said ninth and said 
eighth transistors defining a third of said at least three 
nodes, and said output terminal connected to at least 
one of said three nodes. 

3. A circuit according to claim 2, wherein said first, 
fourth, fifth, sixth, ninth, and thirteenth transistors are 
of the p-type, said second, third, seventh, eighth, tenth, 
eleventh, and twelfth transistors are of the n-type, said 
potential of a first polarity is positive and said potential 
of a second polarity is negative. 

4. A circuit according to claim 2, wherein said first, 
fourth, fifth, sixth, ninth, and thirteenth transistors are 
of the n-type, said second, third, seventh, eighth, tenth, 
eleventh, and twelfth transistors are of the p-type, said 
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potential of a first polarity is negative, and said potential 
of a second polarity is positive. 

5. A circuit according to claim 1 wherein each tran 
sistor has a source, a gate and a drain and further com 
prising an input terminal (I) connected to the gates of a 
first (1), a second (2), a fifth (5), and a twelfth transistor 
(12), the source of said first transistor (1) connected to a 
potential of a first polarity, the drain of said first transis 
tor connected to the drain of a fourth transistor (4), the 
source of said fourth transistor (4) connected to the 
drain of said second transistor (2), the source of said 
second transistor (2) connected to a potential of a sec 
ond polarity, the source of said fifth transistor (5) con 
nected to said potential of a first polarity, the drain of 
said fifth transistor connected to the source of a ninth 
transistor (9), the drain of said ninth transistor (9) con 
nected to the drain of an eighth transistor (8), the source 
of said eighth transistor connected to said potential of a 
first polarity, the connection point of the drains of said 
ninth (9) and eighth transistors (8) connected to the gate 
of said fourth transistor (4), the gates of said eighth (8) 
and said ninth (9) transistors connected to the intercon 
nection point of the drains of a thirteenth (13) and elev 
enth transistors (14), and further connected to the gates 
of a third (17) and sixth transistor 16), the source of said 
thirteenth transistor connected to said potential of a first 
polarity, the source of said eleventh transistor (14) con 
nected to the source of said twelfth transistor (12) and 
further connected to the drain of a tenth transistor (10), 
the source of said tenth transistor connected to said 
potential of a second polarity, the drain of said eleventh 
transistor (14) further connected to the drain of said 
twelfth transistor (12), the source of said eleventh tran 
sistor further connected to the source of said sixth tran 
sistor (16), the drain of said sixth transistor (16) con 
nected to the drain of said third transistor (17), the 
source of said third transistor (17) connected to said 
potential of a first polarity, the interconnection of the 
drains of said third (17) and said sixth transistor (16) 
connected to the gate of a seventh transistor (15), the 
drain of said seventh transistor connected to the drain of 
said thirteenth transistor (13), the source of said seventh 
transistor connected to said drain of said fifth transistor 
(5), the gate of said thirteenth (13) transistor and the 
gate of said tenth transistor (10) connected to the inter 
connection of the drains of said first (1) and fourth 
transistors (4), the interconnection of the drains of said 
first and fourth transistors defining one of said at least 
three nodes, the interconnection of the drains of said 
thirteenth and said eleventh transistors defining a sec 
ond of said at least three nodes, the interconnection of 
the drains of said ninth and eighth transistors defining a 
third of said at least three nodes, said output terminal 
connected to one of said at least three nodes. 

6. A circuit according to claim 5, wherein said first, 
third, fifth, seventh, ninth, and thirteenth transistors are 
of the p-type, said second fourth, sixth, eighth, tenth, 
eleventh, and twelfth transistors are of the n-type, said 
potential of a first polarity is positive and said potential 
of a second polarity is negative. 

7. A circuit according to claim 5, wherein said first, 
third, fifth, seventh, ninth, and thirteenth transistors are 
of the n-type, said seventh, fourth, sixth, eighth, tenth, 
eleventh, and twelfth transistors are of the p-type, said 
potential of a first polarity is negative and said potential 
of a second polarity is positive. 

8. A first circuit according to claim 1 having a second 
but output connected to the input of its complementary 



4,068,137 
7 

circuit, said complementary circuit containing an n-type 
and p-type MOST where said first circuit contains a 
p-type and n-type MOST respectively, said comple 
mentary circuit also containing a positive and negative 
potential connected in circuit where said first circuit 
contains a negative and positive potential respectively, 
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said serial connection of said first circuit with its com 
plementary forming a binary dividing circuit. 

9. A circuit according to claim 8 wherein a plurality 
of said first circuits and a plurality of said complemen 
tary circuits are alternately connected in series to form 
a binary dividing chain. 


